INTRODUCTION
============

Zirm reported the first successful penetrating keratoplasty (PK) in a human in 1906 \[[@R1]\]. Currently the procedure is used in advanced keratoconus, infectious kerati-tis, corneal dystrophies, stromal opacities, pseudophakic/ aphakic bullous kerathopathy, and others. As posterior lamellar techniques have improved, they have become the first choice in selected cases of endothelial disease due to superior postoperative results, including: better uncorrected visual acuity, lower astigmatism, and lower risk of rejection due to the reduced amount of tissue transplanted \[[@R2],[@R3]\].

Indications for corneal transplantation have changed over time, especially during the last decade \[[@R4],[@R11]\].

This article describes the most frequent indications of penetrating keratoplasty and DSAEK at Fundación Oftalmológica de Santander (FOSCAL) in Floridablanca, Colombia in addition to the changing trends in the keratoplasty techniques over a seven year period (2004-2011).

MATERIALS AND METHODS
=====================

We made a search in the surgical records at Fundación Oftalmológica de Santander (FOSCAL) in Floridablanca, Colombia, a tertiary referral center for ophthalmologic pathologies in Santander (Colombia) looking for keratoplasty, either PK or DASEK, between August 2004 and August 2011, and we found that 450 keratoplasties were performed. We retrieved data of age, gender and type of keratoplasty from the surgical records for all the 450 cases, however we had access only to 402 medical charts for additional data (indication for the procedure), which we obtained retrospectively from those records. To determine the changing trends, we analyzed the data between two time periods, the first between 2004 and 2007 and the second between 2008 and 2011. In the first period, a total of 196 procedures were performed; we were able to analyze 150 (76.5%). In the second period, there were 254 corneal transplants executed, of which we analyzed 252 (98.1%). Data that included age, gender and type of keratoplasties was collected from the surgical books of the 450 procedures. Data concerning indications for the procedure was collected from the medical charts of the 402 we had access to.

Indications were grouped into seven categories: keratoconus, active infectious keratitis (fungal, bacterial, parasitic and polymicrobial), stromal opacities (as a result of infectious keratitis, trauma, or herpetic keratitis), pseudophakic/aphakic bullous kerathopathy (anterior or posterior chamber IOL), regraft (primary or secondary failure, or rejection), corneal dystrophies or degenerations, and others. When a regraft was performed, the indication of the original transplant was collected and analyzed as well.

RESULTS
=======

A total of 450 transplanted eyes were evaluated. The patients' mean age was 55 and 57% were men. The demographic data are summarized in Table **[1](#T1){ref-type="table"}**.

TYPES OF KERATOPLASTY: Of the 450 keratoplasties performed between 2004 and 2011, 403 (89.6%) were PK and only 47 (10.5%) were DSAEK. In the first period (2004-2007), a total of 196 (100%) PK were performed and no DSAEK. However, in 2008-2011, there were 207 (82.2%) PK and 47 (18.7%) DSAEK. When analyzing year by year, there was a rise in the frequency of DSAEK since 2009 with 11 cases that year, 22 cases in 2010, and 14 cases in the first six months of 2011. Of the 139 transplants performed for PBK/ABK, 104 (74.8%) were PK and 35 (25.1%) were DSAEK. Between 2004 and 2007 there were 44 (100%) PK and zero DSAEK; conversely, from 2008 to 2011 there were 60 (63.2%) PK and 35 (36.8%) DSAEK. Of these, 22 (15.9%) had a posterior chamber intraocular lens (IOL) implanted in the anterior chamber, 110 (78.8%) had an IOL implanted in the posterior chamber, and 7 (5.3%) were aphakic.

INDICATIONS OF KERATOPLASTY: The most frequent indication for keratoplasty between 2004-2011 was PBK/ABK, followed by stromal opacities, active infectious keratitis, keratoconus, corneal dystrophies and degenerations, regraft and others. The last group included: chemical burns (3 cases), acute penetrating trauma (3 cases), *dellen* post-pterygium surgery (3 cases), perforated ulcer secondary to dry eye syndrome (3 cases), post radial keratotomy ectasia (2 cases) and post LASIK ectasia (2 cases).

Between 2004-2007 PBK/ABK was the leading indication for corneal transplant, followed by stromal opacities and keratoconus; during the period of 2008-2011, PBK/ABK remained the leading indication, followed by active infectious keratitis and stromal opacities. Keratoconus was the fourth most common indication. Table **[2](#T2){ref-type="table"}** shows the distribution of corneal diseases requiring corneal transplants during each time period.

Fungal keratitis (32.8%) was the most recurrent etiology for corneal transplant when active infectious keratitis was the indication, followed by polymicrobial (31.0%) and bacterial keratitis (12.1%). There was one case of herpetic keratitis. The etiology was not identified in 13 cases (22.4%).

Infectious ulcer (37.9%), trauma (29.9%), and herpetic keratitis (10.3%) were the causes of stromal opacities affecting the visual axis. The cause of the leukoma was not identified in the remaining cases.

There were a total of 31 cases of regraft; the original indications for keratoplasty were PBK/ABK (32%), Fuchs' endothelial corneal dystrophy (13%), corneal ectasia (13%), infectious keratitis (6%), stromal opacities (6%) and acute penetrating trauma (3%), the original indication was not identified in the remaining cases. The regraft was performed because of primary failure in 2 cases (6%), secondary failure in 8 cases (26%), and allograft rejection in 14 cases (45.2%). In the remaining cases, it was not possible to establish the cause of corneal transplant failure.

DISCUSSION
==========

According to our knowledge, this is the first study that analyzes the indications and techniques of corneal transplantation in Colombia. Fundación Oftalmológica de Santander (FOSCAL) is an ophthalmological tertiary referral center in Santander, Colombia, which serves a population of more than two million inhabitants. Given the large population, the indications for penetrating keratoplasty and endothelial keratoplasty may be representative of national trends.

We performed a literature review using PubMed to identify similar studies that reported indications for corneal transplants covering the period between 1995 to at least 2009 in order to compare their findings to our study. Articles that analyzed years outside the aforementioned period were excluded because of the changes in diagnostics, therapeutics, and surgical techniques that have arisen in recent years (Table **[3](#T3){ref-type="table"}**).

In our study, PBK/ABK was the primary indication for corneal transplant, similar to findings reported in Hungary and Canada. It corresponded to 30.9% of all cases, slightly higher than the reported percentages in Hungary (28.9%) and Canada (22.1%) \[[@R4],[@R5]\]. On the other hand, keratoconus was the first cause of keratoplasty in cases performed in New Zealand (41.6%), Iran (38.4%), Australia (29.6%), Scotland (28.7%), Germany (25.5 %), and the United Kingdom (24%) \[[@R6]-[@R10],[@R12]\]. We found that keratoconus was the fourth most common indication in the complete seven-year period, but it was the third indication between 2004-2007 and fell to fourth place between 2008-2011. This might be explained by FOSCAL's introduction of corneal collagen cross-linking mediated by UV light during the second period.

Infectious keratitis is reported as the leading indication for keratoplasty in China, accounting for 44.9% of cases \[[@R11]\]. We found that infectious keratitis was the third most common indication for keratoplastly and represented only 14.4% of our cases, consistent with the percentages reported in Scotland (11.5%) \[[@R6]\], Iran (10.1%) \[[@R9]\], and Germany (13%) \[[@R10]\]. Analyzing each time period separately, infectious keratitis accounted for 8% and 18.3% of indications between 2004-2007 and 2008-2011, respectively. The apparent increase in infectious keratitis cases could be explained by the lower number of medical records available to be included in the study from the first period of time. The emergency department handled a high number of these cases, suggesting that they corresponded to infectious keratitis and not PBK/ABK or keratoconus.

DSAEK surgeries were introduced in our institution during the second period, and they represented 18.7% of all types of keratoplasty performed in the period 2008-2011. This is consistent with other studies that demonstrate a rise in the number of lamellar techniques since their introduction in recent years \[[@R6],[@R8]\]. Endothelial keratoplasty increased from 0% in the period of 2001-2005 to 9.1% in the period of 2006-2010 in Scotland \[[@R6]\]. In the United Kingdom, the incidence rose from 0.1% between 1999-2000 to 23% between 2008-2009 \[[@R7]\]. Lamellar keratoplasties accounted for 8.3% of all corneal transplants in the period of 2000-2009 in New Zealand, but in 2009 they represented 32.3% of all types of keratoplasty \[[@R8]\]. The increasing trend in DSAEK surgeries performed might be related to the fact that pathologies affecting only the posterior layers of the cornea represent a large percentage of keratoplasty indications (PBK/ABK and FECD). As such, surgeons are gaining experience with this technique, which has lower rejection rates and better visual outcomes \[[@R2],[@R3]\].
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###### 

Patients' Demographic Characteristics

  Time Period      2004-2007       2008-2011
  ---------------- --------------- ---------------
  n                196             204
  AGE (MEAN± SD)   53.75 ± 21.54   52.89 ± 19.85
  GENDER                           
  MALE             55.7%           57.1%
  FEMALE           44.3%           42.9%
  EYES                             
  RIGHT            90              110
  LEFT             106             94

###### 

Indications for Keratoplasty in 2004-2007 and 2008-2011

  Time Period Indications   2004-2007    2008-2011    Total
  ------------------------- ------------ ------------ -------------
  KERATOCONUS               29 (19.3%)   22 (8.7%)    51 (12.7%)
  STROMAL OPACITIES         31 (20.7%)   32 (12.7%)   63 (15.7%)
  INFECTIOUS KERATITIS      12 (8.0%)    46 (18.3%)   58 (14.4%)
  PBK/ABK                   44 (29.3%)   95 (37.7%)   139 (34.6%)
  REGRAFT                   11 (7.3%)    20 (7.9%)    31 (7.7%)
  CORNEAL DYSTROPHY         11 (7.3%)    19 (7.5%)    30 (7.5%)
  OTHERS                    12 (8.0%)    18 (7.1%)    30 (7.5%)
  TOTAL                     150          252          402

###### 

Recently Published Studies on Keratoplasty Indications

                          New Zealand           China                  Scotland                   Canada               Hungary                                                 
  ----------------------- --------------------- ---------------------- -------------------------- -------------------- -------------------------- ------- ------ ------- ----- -------
  Keratoconus             938                   41,6%                  674                        12,7%                264                        28,7%   592    16,6%   60    14,9%
  PBK/ABK                 315                   14,0%                  353                        6,6%                 88                         9,6%    790    22,1%   116   28,9%
  Fuchs´ Distrophy        187                   8,3%                   30                         0,6%                 191                        20,7%   384    10,8%   9     2,2%
  Regraft                 391                   17,4%                  246                        4,6%                 177                        19,2%   755    21,1%   74    18,4%
  Keratitis               180                   8,0%                   2387                       44,9%                106                        11,5%   294    8,2%    22    5,5%
  Stromal opacities\^     94                    4,2%                   1195                       22,5%                21                         2,3%    573    16,0%   74    18,4%
  Others                  148                   6,6%                   431                        8%                   74                         8,0%    183    5,1%    47    11,7%
                          United Kingdom        Iran                   Germany                    Australia            Colombia (Present Study)                                
  n = 22,779              n = 1,859             n = 1,200              n=22,898                   n = 402                                                                      
  Keenan *et al*. \[7\]   Zare *et al*. \[9\]   Wang *et al*. \[10\]   Williams *et al*. \[12\]   V. Galvis *et al*.                                                           
                          1999-2009             2004-2009              2001-2010                  1985-2011            2004-2011                                               
  Keratoconus             5469                  24,0%                  714                        38,4%                306                        25,5%   6789   29,6%   51    12,7%
  PBK/ABK                 3597                  15,8%                  218                        11,7%                175                        14,6%   4478   19,6%   139   34,6%
  Fuchs´ Distrophy        4434                  19,5%                  15                         0,8%                 254                        21,2%   2790   12,2%   30    7,5%
  Regraft                 3318                  14,6%                  197                        10,6%                84                         7,0%    4650   20,3%   31    7,7%
  Keratitis               1885                  8,3%                   188                        10,1%                156                        13,0%   1254   5,5%    58    14,4%
  Stromal opacities\^     1437                  6,3%                   297                        16,0%                198                        16,5%   1531   6,7%    63    15,7%
  Others                  2639                  11,6%                  230                        12,4%                27                         2,3%    1406   6,1%    30    7,5%
